We investigate the relationship between active galactic nucleus (AGN) activity and host galaxy properties using a sample of massive galaxies at z ∼ 2 in the Chandra Deep Field-South (CDFS). A sample of 268 galaxies with M * > 10 10.5 M at 1.4 < z < 3 are selected from Hubble Space Telescope wide field camera 3 (WFC3) H-band observations in CDFS taken as part of the cosmic assembly near-infrared deep extragalactic legacy survey (CANDELS) survey. We find that a large fraction (22.0 ± 2.5 per cent) are detected in the 4 Ms Chandra/Advanced CCD Image Spectrometer observations in the field, implying a high AGN content in these massive galaxies. To investigate further the relationship between these AGN and their hosts, we create four subsamples, based on their star formation rates (star-forming versus quiescent) and galaxy size (compact versus extended), following Barro et al. and perform X-ray spectral fitting. We find a clear effect whereby the AGN in compact galaxies -be they star forming or quiescent -show significantly higher luminosities and levels of obscuration than the AGN in extended galaxies. These results provide clear evidence for two modes of black hole growth in massive galaxies at high redshift. The dominant growth mode is a luminous, obscured phase which occurs overwhelmingly in compact galaxies while another lower luminosity, unobscured phase is predominantly seen in extended galaxies. Both modes could produce AGN feedback, with violent transformative feedback in the former and a gentler 'maintenance mode' produced by the latter.
Evidence for two modes of AGN accretion 3631 (Hopkins et al. 2009; Cassata et al. 2011) . There is strong clustering of compact quiescent galaxies (QGs) since z ∼ 2 (McCarthy et al. 2001; Brown et al. 2003; Daddi et al. 2004 ) which is consistent with the clustering of QGs at z ∼ 0. Thus, compact and extended galaxies appear to share an evolutionary link.
Multiple studies suggest that the strongest size evolution in the massive galaxy population occurs at 1 < z < 2 (e.g. Fontana et al. 2004; Glazebrook et al. 2004; Abraham et al. 2007; Arnouts et al. 2007; Cassata et al. 2013) . Measurements of the number densities of ETGs reveal that the population is in place by z ∼ 0.7 (Fontana et al. 2004; Yamada et al. 2005; Cimatti, Daddi & Renzini 2006; Brown et al. 2007; Scarlata et al. 2007) . With this greater understanding of the rate of size/morphology evolution of massive galaxies across cosmic time (e.g. Trujillo et al. 2007; Buitrago et al. 2008) , the next step is to gain an understanding of the processes driving this evolution. The simplest explanation would be passive evolution of compact massive galaxies at z ∼ 2 into extended galaxies similar to the ETGs at z ∼ 0, but this would produce redder galaxies than observed in the nearby universe (Kriek et al. 2008) . Hence, their size evolution must have been an active process, one for which a cornucopia of possible mechanisms have been postulated.
What remains unclear is the precise nature of the processes driving massive galaxy evolution from small compact intensely starforming galaxies (SFGs) to extended elliptical QGs. Hierarchical growth of the galaxies (Toomre 1977; White & Frenk 1991) through mergers is thought to play a significant role in the evolution of massive galaxies over cosmic time. There are two varieties of merger to consider: gas rich (wet) and gas poor (dry). Wet mergers are common in the early universe (z > 2) where cold gas is more abundant (Khochfar & Silk 2006a,b; Croton 2009 ). The large amounts of gas make this process highly dissipative, and remnants of wet mergers produced by simulations tend to have smaller, more disc-like structures than dry merger remnants (e.g. Springel & Hernquist 2005; Cox et al. 2006; Khochfar & Silk 2006a) . These remnants bear a striking resemblance to the compact galaxies observed at z ∼ 2 and it could well be that they originate from wet mergers (Khochfar & Silk 2006b; Trujillo et al. 2007; , although this remains a point of contention. Additionally, wet mergers alone do not explain the formation of the extended galaxies that are thought to be the progenitors for massive ETGs in the local universe. Dry mergers on the other hand are non-dissipative, promoting both galaxy mass and size growth. Dry minor mergers are the dominant form of galaxy interaction at z < 1, and the observed merger rate is sufficient to replicate the observed galaxy evolution at these redshifts (Shen et al. 2003; van Dokkum 2005; Bell et al. 2006; Trujillo et al. 2007; Kaviraj et al. 2011; Trujillo, Ferreras & de La Rosa 2011) . At 1 < z < 3, however, the minor merger rate drops and cannot fully explain size evolution in this redshift regime (Conselice 2006; Newman et al. 2012) . Dry major mergers are also too infrequent; a galaxy is expected to undergo only one dry merger since z = 3 (Bluck et al. 2009; Man et al. 2012) , far too few to reproduce the required size evolution (Ciotti & van Albada 2001; Nipoti, Londrillo & Ciotti 2003; Naab, Johansson & Ostriker 2009) .
Active galactic nucleus (AGN) feedback mechanisms potentially play a key role in the evolution of massive galaxies. Previous studies have demonstrated intense AGN activity at z ∼ 1-3 (e.g. Boyle & Terlevich 1998; Silverman et al. 2008; Aird et al. 2010) , coinciding with the period of strongest evolution in the massive galaxy population. AGN are capable of producing powerful feedback effects that can affect both the star formation and host properties profoundly (e.g. Silk & Rees 1998; King 2003) and possibly size evolution of their host galaxies (Fan et al. 2008; Damjanov et al. 2009; Ishibashi, Fabian & Canning 2013) . For example, Hopkins et al. (2006) postulate a violent, event-driven 'quasar mode' of feedback able to rapidly transform galaxies from star forming to quiescent via powerful outflows. If an AGN is sufficiently luminous, it is possible to generate winds that rapidly expel gas from the central regions of the galaxy, swiftly quenching star formation. These quasar-driven winds can also cause the galaxy to expand in size (Fan et al. 2008) . For massive galaxies (M * > 2 × 10 10 M ), the predicted expansion is consistent with the observed size increase at 1 < z < 3 (Fan et al. 2010) .
Alternatively, or additionally, heating from low-luminosity AGN can prevent star formation in already-formed QGs, via a gentler mode of feedback sometimes termed the 'radio mode' (Croton et al. 2006) . In this scenario, hot gas gradually falls on to the host galaxy, with some trickling through and accreting on to the low-luminosity unobscured AGN. Conventionally, the gas falling on to the host galaxy should cool and condense triggering star formation. The accretion of hot gas on to the low-luminosity AGN stimulates gentle feedback which suppresses further cooling and thus quenching star formation. This phenomenon maintains a red, old stellar population within the host galaxy, similar to what is observed in massive ETGs in the local universe.
While either or both of these feedback processes can plausibly reproduce the observed properties of galaxies, and arguably are necessary to do so, direct observational evidence for AGN feedback impacting massive galaxy evolution has remained scarce.
A further incidence of AGN implicated in galaxy evolution was given by Barro et al. (2013) , who presented a study of the evolution of the number density of massive galaxies (M * > 10 10 M ) in the Chandra Deep Field-South (CDFS) at 1.2 < z < 3. Using the galaxy compactness and specific star formation rates (sSFRs), Barro et al. (2013) divided the massive galaxies into four subsamples; compact QGs, compact SFGs, extended QGs and extended SFGs. The extended QGs are analogous to the ETGs in the local universe and represent the endpoint for massive galaxies in this evolution model. Barro et al. (2013) propose two tracks via which the extended QGs may form: an 'early' path where the extended QGs form through the morphological evolution of compact galaxies and a 'late' path where extended QGs are formed by the quenching of extended SFGs.
The number density of the compact SFGs peaks at 2 < z < 3 as they are formed by wet mergers (e.g. Springel & Hernquist 2005; Cox et al. 2006; Khochfar & Silk 2006a ) in the gas-rich early universe. These compact SFGs are the starting point for the 'early' track. The number density of compact SFGs declines at z < 2 and the population is almost non-existent by z = 1.4 while the compact QG number density climbs during this period. Barro et al. (2013) propose that this is due to star formation in compact SFGs quenching to form the compact QGs. A high fraction of X-ray luminous AGN in the compact SFGs is reported and suggests that AGN feedback drives the rapid formation of compact QGs through quenching of compact SFGs at z ∼ 2. At z < 1.4, the compact QG number density drops and the extended QG number density increases. Barro et al. (2013) suggest that the morphology of the compact QGs is being disrupted by processes such as minor mergers and cold gas accretion, increasing their size until they are extended QGs. The buildup of the extended QG population cannot be entirely explained by compact galaxies, however, so it would appear that some are formed via the quenching of SFGs.
In this paper, we present a more detailed look at the AGN activity in the massive galaxy sample at z ∼ 2 first presented in Barro et al. (2013) . Using a combination of X-ray point source detection, X-ray spectral fitting and X-ray stacking analysis, we investigate the AGN content and properties of the galaxies, their implications for black hole growth and its influence in massive galaxies at z ∼ 2. In Section 2, we describe the optical data and the reduction of X-ray images and X-ray spectral data. In Section 3, we summarize the likelihood ratio (LR) matching technique, the optical sample selection (see also Barro et al. 2013 ) and our X-ray spectral fitting methodology. The results of the X-ray spectral fitting are presented in Section 4. We discuss our results and their implications regarding AGN accretion modes and their potential impact upon massive galaxy evolution at z ∼ 2 in Section 5 and summarize our findings in Section 6. We assume a standard, flat cold dark matter cosmology with = 0.7 and H 0 = 70 km s −1 Mpc −1 throughout this work.
DATA

Optical data
Here we provide a brief description of the sample selection, a more detailed version of which can be found in Barro et al. (2013) . The massive galaxies in our sample are all Hubble Space Telescope (HST)/wide field camera 3 (WFC3) F160W (H-band) selected sources from the great observatories origins deep survey south (GOODS-S) region in the cosmic assembly near-infrared deep extragalactic legacy survey (CANDELS) survey (Grogin et al. 2011; Koekemoer et al. 2011) which is wholly contained within the X-ray coverage of the CDFS. The HST data have limiting AB magnitude H 5σ = 27 mag. Multiwavelength photometry (U band to 8 µm) has been extracted by Guo et al. (2013) for each of these sources using TFIT (Laidler et al. 2007) , following the method of Guo et al. (2011) . TFIT uses the spatial distribution of light of a galaxy from high-resolution imaging (in this case WFC3 H band) to constrain the photometric measurements of lower resolution imaging by using high-resolution imaging to generate templates for the light profile. The best-fitting light profile is chosen using χ 2 minimization and is used to compute the photometric flux in the lower resolution image. The H-band sources have photometric redshifts which have been calculated using the EAZY software (Brammer, van Dokkum & Coppi 2008) , with z/(1 + z) = 3 per cent error for z > 1.5. Our final sample of massive galaxies at z ∼ 2 is limited to 1.4 < z < 3.0 and M > 10 10.5 M . The redshift cut is the same as that employed by Barro et al. (2013) . The mass cut is slightly higher: we take a more conservative approach to ensure that the masses of the various subsamples are similar, and in particular to ensure that sample is not dominated by the large number of extended SFGs in the 10 10 M * < 10 10.5 M mass range.
X-ray data reduction
The X-ray data used in this work originate from the CDFS 4 Ms survey taken with the Advanced CCD Image Spectrometer Imaging (ACIS-I) array (Garmire et al. 2003) aboard the Chandra X-ray observatory. The survey programme consisted of 52 overlapping observations (henceforth obsIDs) taken over three observing cycles between the 2000 January and 2010 July. The data were reduced following the method of Laird et al. (2009) using a combination of CIAO data analysis software version 4.2 tools and custom software. We created point source catalogues in multiple energy bands using a threshold Poisson probability of 4 × 10 −6 , which were then bandmerged to produce a final point source catalogue containing 569 sources. For a more detailed description of the data reduction, source selection and the point source catalogue, see Rangel et al. (2013) .
Subsequent to X-ray point source detection, 480 (of 569) X-ray sources have been attributed spectroscopic (from compilation of N. Hathi, private communication) or photometric redshifts by Hsu et al. (2014) based on either CANDELS (Guo et al. 2013) or multiwavelength survey by Yale-Chile (MUSYC) (Cardamone et al. 2010) photometry. The photometric redshifts were calculated using the LEPHARE spectral energy distribution (SED) fitting codes (Ilbert et al. 2006 (Ilbert et al. , 2009 and have excellent accuracy with a low catastrophic failure rate (see Hsu et al., 2014, for details) . The spectroscopic redshifts for the X-ray sources were used where available. Otherwise we adopted the photometric redshifts of Hsu et al. (2014) . These were used in preference to the photometric redshifts measured for optical sources using the EAZY software (Brammer et al. 2008) because they include AGN templates known to give more accurate results for X-ray sources (Salvato et al. 2009 (Salvato et al. , 2011 .
X-ray spectra were extracted for the 569 point sources using the ACIS EXTRACT IDL package (Broos et al. 2010) . Each of the 52 obsIDs used to create the 4 Ms image has slightly different roll angles and central pointing right ascensions (RA) and declinations (Dec). As a consequence, a source will have a slightly different source profile/PSF/encircled energy function (EEF) in each obsID depending on the off-axis angle (OAA) and roll angle. To account for this, the AE_MAKE_CATALOG tool is used to calculate the 95 per cent point spread function (PSF) of each source in the desired obsIDs using the MARX ray-tracing software. These will act as the source count extraction aperture for the sources. Masking regions of size 1.1 times the 99 per cent PSF are calculated which are used later in the background extraction.
The source counts were then extracted for each source in the selected obsIDs using the AE_STANDARD_EXTRACTION tool from the extraction regions defined by AE_MAKE_CATALOG. The masking regions defined by AE_MAKE_CATALOG were then applied to each obsID, and counts are sampled in annuli surrounding the masked regions to calculate the background spectra for each source. The background spectra were scaled relative to the size of the source count extraction regions. The final composite source and background spectra were generated by combining the source and background counts extracted for each source in the selected obsIDs using the MERGE_OBSERVATIONS tool. Only observations taken at the same temperature were merged because it is essential to maintain a consistent detector response when producing the response matrix functions and auxiliary response function of a spectrum. As a consequence, obsIDs 581 and 1431 were omitted because they were taken before 2000 January 29 when the focal plane temperature was altered from 163 to 153 K. All remaining obsIDs were taken at 153 K.
M E T H O D
LR matching
The astrometric errors for a typical Chandra point source range from 0.5 arcsec on-axis to 5 arcsec at 12 arcmin off-axis (Weisskopf et al. 2002) . In deep optical surveys such as the CAN-DELS GOODS-S region, the source density is sufficiently high that numerous optical sources may lie within the astrometric errors of the X-ray sources. The X-ray data used in this work have been subjected to astrometric corrections (see Rangel et al. 2013) , derived by matching bright X-ray sources to H-band selected sources from the MUSYC survey (Gawiser et al. 2006) . This improves the reliability of nearest-neighbour matching but there is still a high false matching rate for X-ray faint and large OAA X-ray sources. Therefore, an Table 1 . Sample sizes and X-ray detected fractions of massive galaxies. Columns 2-4 describe the sample prior to the mass and redshift cuts while columns 5-7 describe the sample post the mass and redshift cuts. The X-ray detected fractions have multinomial errors. Column 1: type of galaxy; column 2: number of galaxies in the sample; column 3: number of galaxies with X-ray associations according to LR matching; column 4: percentage of galaxies that are X-ray detected with binomial errors (approximately equivalent to 1σ significance); column 5: median mass of galaxies in the subsample with errors calculated using the median absolute deviation, units of 10 10 M ; column 6: number of galaxies in the sample; column 7: number of galaxies with X-ray associations according to LR matching; column 8: percentage of galaxies that are X-ray detected with binomial errors (approximately equivalent to 1σ significance); column 9: median mass of galaxies in the subsample with errors calculated using the median absolute deviation, units of 10 9 M .
All
M * > 10 10.5 M and 1.4 < z < 3 Type LR matching technique (Sutherland & Saunders 1992; Ciliegi et al. 2003; Brusa et al. 2005 ) is used in this work to establish X-ray to optical associations.
To discriminate between real and spurious associations, a threshold likelihood (L th ) was chosen by following the method of Civano et al. (2012) . The L th must be small enough to ensure high sample completeness but not so low as to adversely affect the reliability of associations. In this case, L th = 0.65 was the most suitable, offering the optimal balance of completeness C = 0.88 and reliability R = 0.88. Following the mass and redshift cuts outlined in Section 2.1 (z > 1.4 and M > 10 10.5 M ), we find that 59 massive galaxies were associated with X-ray sources, with a false matching rate of 1.5 per cent (see Table 1 ).
Our X-ray point source detection pipeline is more conservative than the method employed by Xue et al. (2011) and consequently identifies fewer X-ray point sources (569 and 740, respectively; see Rangel et al. 2013 for a detailed analysis). As a check, we crosscorrelated Xue et al. (2011) X-ray point sources with the massive galaxies sample, using a nearest-neighbour analysis with a 1 arcsec matching radius. Of the 59 massive galaxies found to have an X-ray counterpart through LR matching, all but one (cdfs4Ms_532) are found to also have counterparts in the catalogue of Xue et al. (2011) . All of these sources are classified as AGN by Xue et al. (2011) , i.e. L X > 10 42 erg s −1 or hardness ratio (HR) > −0.2. The one source without an equivalent source in the Xue et al. (2011) catalogue (cdfs4Ms_532) is found to have HR > −0.2 in our analysis, and thus is also most likely an AGN. Therefore, we consider all X-ray point sources to be AGN and refer to them as such henceforth. We also find that cross-matching to the Xue et al. (2011) CDFS 4 Ms point sources yields an additional 14 low-significance X-ray sources. Attempts to sample source counts at these positions in our CDFS 4 Ms images produce negligible or negative source counts therefore unsuitable for spectral fitting analysis. Therefore, in all subsequent X-ray analyses, we shall only consider X-ray point sources identified in our point source catalogue.
Massive galaxy sample selection
Following Barro et al. (2013) , the massive galaxies were split into subsamples based on their sSFR and compactness. The star formation rate (SFR) calculation method is dependent on whether the galaxy has been detected in Multi-band Infrared Spectrometer for Spitzer (MIPS) 24 µm data; a combination of IR and rest-frame UV SFR estimates is used if the galaxy is detected, and a purely UV-based SFR estimate is adopted if not. The IR luminosities of the MIPS 24 µm detected galaxies were calculated by fitting the 24 µm flux derived by TFIT to Chary & Elbaz (2001) SFG templates and applying Herschel-based corrections (Elbaz et al. 2011) . The IR and rest-frame UV (uncorrected for dust emission) luminosities are converted into SFRs following the methods of Kennicutt (1998) and Bell et al. (2005) , respectively. If the galaxy is an X-ray source or undetected in MIPS 24 µm, then the SFR is estimated using the extinction-corrected, rest-frame UV luminosity as derived by Wuyts et al. (2011) . Stellar masses for each source were calculated using the FAST software (Kriek et al. 2009) , and were combined with the SFR estimates to calculate the sSFR. Using the sSFR, the massive galaxies are split into quiescent (QG) and SFG subsamples; QGs possess sSFR < 10 −0.5 Gyr −1
and SFGs possess sSFR ≥ 10 −0.5 Gyr −1 . The compactness of each galaxy is determined based on the ratio of galaxy mass, M, and the effective radius according to H-band imaging, r e , where r e is determined using GALFIT (Peng et al. 2002) , following the methodology of van der Wel et al. (2012) . Similar to Barro et al. (2013) , we define compact galaxies as those which follow the observed mass-size relation of QGs at z > 1.5 (Newman et al. 2012 ). The threshold is defined as M/r α e = 10.3 M kpc −α , where α = 1.5 (approximate growth efficiency of QGs at similar redshifts). The selected threshold value of M/r α e (henceforth 1.5 ) lies between the surface density, = M/r 2 e , and M/r e , relations which both correlate strongly with colour and SFR out to high redshifts (e.g. Franx et al. 2008) .
Using the calculated sSFR and compactness values, we find 52 compact QGs, 55 compact SFGs, 21 extended QGs and 140 extended SFGs (Table 1) with z > 1.4 and M > 10 10.5 M . From these subsamples, the LR matching (Section 3.1) associates 10 compact QGs, 19 compact SFGs, 10 extended QGs and 20 extended SFGs with X-ray point sources. Composite SED template fitting reveals that no more than 1/3 of the X-ray detected sample suffers from significant AGN contamination. The impact on the computed mass and SFR for these sources predicted by Santini et al. (2012) and Mainieri et al. (2011) is not sufficiently large enough to change their sSFR or compactness classifications.
AGN contamination can also alter the light profile of the host galaxy which may lead to GALFIT assigning an incorrect size as only a Sérsic profile was used. In turn, this could slightly alter the measured compactness. However, this would only affect classification of galaxies close to the compactness boundary ( 1.5 = 10.3), and the net change in subsample sizes is estimated to be negligible. AGN contamination has the potential to scatter low-mass galaxies beyond the M > 10 10.5 M limit we have imposed on the sample and vice versa. This will only affect galaxies with stellar mass close to M = 10 10.5 M , and we anticipate this would affect all subsamples equally.
X-ray spectral fitting
To better understand the nature of the X-ray detected massive galaxies, a variety of models were fitted to the X-ray spectra. The Chandra ACIS-I instrument can detect photons over a range of 0.2-10 keV but the detector response drops off markedly at the highest and lowest energies, especially for sources at a large OAA, so the energy range was limited to 0.5-8 keV. Our spectral fitting is an evolution of the technique of Brightman & Ueda (2012) . The goodness of fit was determined using a maximum likelihood statistic (C-statistic; Cash 1979) because it is well suited to analysing sources with a low number of counts. The spectra were grouped according to energy channel, with eight raw channels per bin producing 63 bins for each spectrum over the 0.5-8 keV range. This preserves the spectral resolution even with very low numbers of counts (compared, e.g., to binning by counts).
The parameters for each model used in this analysis are presented in Table 2 . The photon index has been fixed at = 1.9 for all of the models. The following models have been chosen for use in the spectral fitting.
(A) Simple unobscured power-law emission, POWERLAW, from the XSPEC (Arnaud 1996) model library. A fixed local galactic absorption of N H = 9 × 10 19 cm −2 (Dickey & Lockman 1990 ) was also applied. This is the simplest of the models used in this analysis with only one free parameter, the power-law normalization.
(B) Brightman & Nandra (2011) model of power-law emission obscured by material configured in a spherical geometry. This model is preferred to the neutral absorption model, ZWABS, of XSPEC because it includes line emission and Compton scattering, which can be important for the most heavily obscured objects. This model has Table 2 . Description of how parameters for spectral fitting of massive galaxies. Columns 2-7 describe the parameters of the various models used. Free parameters are labelled as such, otherwise the parameter has been fixed to the value quoted. Solar abundance values were assumed for elements heavier than He (including Fe). Column 1: model ID; column 2: number of free parameters in the model; column 3: photon index of power-law emission from the central source; column 4: normalization factor for powerlaw emission from the central source; column 5: column density of obscuring material; column 6: photon index of central scattered power-law emission; column 7: normalization factor for scattered power-law emission. Brightman & Nandra (2011) model of power-law emission obscured by material configured in a toroidal geometry with an additional scattered power-law component. This model features self-consistent iron Kα line emission along with a Compton hump generated by reflection off the obscuring torus. The opening angle of the torus has been fixed at 30
• because the spectra are rather insensitive to the opening angle. The torus is always assumed to be observed with an almost edge-on orientation (fixed at 80
• ) assuming that the power-law emission is undergoing maximum obscuration. This model has three free parameters: the power-law normalization, the torus N H and the scattered power-law normalization.
(D) Model of neutral reflection from a Compton thick obscurer, PEXMON, devised by Nandra et al. (2007) with an illuminating powerlaw component. Derived from the PEXRAV model (Magdziarz & Zdziarski 1995) it features self-consistent iron Kα line emission with a Compton hump and iron Kβ line emission (George & Fabian 1991) . This model has two free parameters: the power-law normalization and the illuminating power-law normalization.
For models with the same number of free parameters, we adopted the model with lowest C-statistic as the best-fitting model. If, however, the models have differing amounts of free parameters, then selecting the best fit is non-trivial. In this case, we defined a critical threshold, cstat AB , for a more complex model to be preferred to a model with fewer free parameters, such that to prefer model B to model A (where B has more free parameters than A) we require cstat A − cstat B > cstat AB .
The threshold values for cstat were determined by simulating a fake spectrum based on one of the models, henceforth the base model, using the FAKEIT command in XSPEC. The fake spectrum (which represents the base model) was then fitted with the base model and the more complex model with more free parameters, and the cstat value is measured. This process was repeated 1000 times to build up a catalogue of cstat values for the fake spectrum, from which the critical threshold can be selected. Identifying the various percentile limits in the catalogue allows different percentage certainties to be selected. The cstat threshold is dependent on the number of counts in a spectrum as brighter spectra have more well defined emission features. Thus critical cstat values have been calculated for three different ranges of counts: <100 counts (low), 100 ≤ counts < 500 (medium) and >500 counts (high). The results of this cstat analysis are given in Table 3 .
The best-fitting model was determined by following the logic tree/flow chart shown in Fig. 1 . The process is designed to compare iteratively models of increasing numbers of free parameters to one another until either additional free parameters cannot be justified by their C-statistic values or the model with the maximum number of free parameters is chosen (model D). Initially, the C-statistic value of the simplest model (model A) is compared to all the more complex models. By measuring cstat AB , cstat AC and cstat AD , it is determined whether or not model A is the best fit. If not, then the cstat BC and cstat DC are calculated to determine whether model C is the best fit. If model C is not suitable, then whichever model has the lowest C-statistic between B and D is chosen as the best fit. We use a cstat threshold of 99 per cent (see Table 3 ) for all the spectral fitting because it provides the most conservative and secure spectral fits.
The absorbed and unabsorbed 2-10 keV luminosities were calculated using the LUMIN command in XSPEC in conjunction with the best-fitting model for each spectrum. Model A has no absorption; Figure 1 . Logic tree outlining the process used to select the best-fitting X-ray emission model using the C-statistic values from spectral fitting. A 99 per cent cstat threshold is used to determine superior spectral models. therefore, only the unabsorbed luminosity can be measured from the best-fitting model parameters. For models B, C and D, the absorbed luminosity was measured by using the best-fitting model parameters. The unabsorbed luminosity of model B was measured by using the model in conjunction with all the best-fitting parameters except N H which is set to zero. The unabsorbed luminosity for model C was measured in the same manner with the added caveat that the scattered power-law component must be removed. To measure the unabsorbed luminosity of model D, the illuminating power-law component normalization was scaled up to the same value as the PEXMON component normalization and then the PEXMON component was removed.
R E S U LT S
X-ray detected massive galaxies
We matched the H-band selected massive galaxies (M > 10 10.5 M and 1.4 < z < 3) to X-ray point sources from the CDFS 4 Ms survey using LR matching (the results of which are detailed in Table 1) and found a 22.0 ± 2.5 per cent (59/268) detection rate. This X-ray detected fraction is significantly higher than that would be obtained using the entire H-band selected galaxy sample (i.e. without mass and redshift cuts; see Table 1 ), a result that is significant at the 3σ level. The high X-ray detected fraction is probably a result of limiting the sample to massive galaxies (M > 10 10.5 M ) with high X-ray detected fractions previously observed in similar galaxies (e.g. Brusa et al. 2009; Aird et al. 2012; Pimbblet & Jensen 2012) . The extended QGs have the highest detection rate (10/21, ∼50 per cent) which is roughly consistent with the observations of Olsen et al. (2013) and suggest that AGN activity might play a role in the evolution of extended QGs, although the large errors (due to small sample size) limit the significance of this result. The compact SFGs also exhibit strong AGN activity (>30 per cent X-ray detected). The extended SFGs have a much lower detection rate than compact SFGs (∼14 per cent), a result that is significant at the >3σ level. The compact QGs formally also have a low X-ray detection rate of around 19 per cent which is similar, within errors, to that of the extended SFGs.
There are also 14 galaxies which lack X-ray counterparts in the Imperial College CDFS 4 Ms point source catalogues but have been LR matched to sources in the Xue et al. (2011) CDFS 4Ms point source catalogue. It is not possible to extract spectra of sufficient quality direct from our reduced X-ray images so instead we have used the information provided by Xue et al. (2011) . These sources lie at the detection limit for the CDFS 4 Ms survey and have few X-ray counts to utilize. It is only possible to estimate a power-law photon index for 3 of the 14 sources and 6 have been attributed upper limit estimates for their luminosities. Including these X-ray counterparts leads to an increase in the X-ray detected fractions of all the subsamples: 26.9 ± 6.2 per cent for compact QGs, 36.4 ± 6.5 per cent for compact SFGs, 52.4 ± 10.9 per cent for extended QGs and 20 ± 3.4 per cent for extended SFGs. Only the extended QGs see a significant increase in the X-ray detected fraction (and they still remain the lowest); X-ray detected fractions for all the other samples remain consistent with previous estimates the 1σ level. Bearing this in mind, and given that spectral analysis is not feasible for these sources, we focus subsequent analyses and discussion upon X-ray sources from the Imperial College CDFS 4 Ms point source catalogue.
X-ray spectral analysis of massive galaxies
We fitted the X-ray spectra of the massive galaxy sample (M > 10 10.5 M , 1.4 < z < 3.0) to four models (described in Section 3.3) in order to study the nature of the X-ray emission in more detail. Model A is a fixed power law ( = 1.9) of the type we expect to observe from an unobscured AGN while models B, C and D are three different obscured AGN models. The results of this analysis are presented in Tables 4 (compact galaxies) and 5 (extended galaxies). The majority of massive galaxies are best fitted by models A and B (∼75 per cent of all massive galaxies). The preference of model B in the obscured AGN population could be because it has one less free parameter than model C, while the Table 4 . Properties for compact and extended galaxies that have X-ray counterparts in the CDFS 4 Ms point source catalogue of Xue et al. (2011) but have not in the Imperial College CDFS 4 Ms point source catalogue. X-ray properties are taken from Xue et al. (2011) . Column 1: optical source ID from the CANDELS GOODS-S epoch-10; column 2: optical galaxy classification; column 3: photometric redshift calculated using the EAZY software (Brammer et al. 2008) ; columns 4 and 5: right ascension and declination of the optical source; column 6: ID of X-ray counterpart source identified using LR matching from Xue et al. (2011) ; column 7: off-axis angle (OAA) of X-ray source in arcminutes; column 8: net counts over the 0.5-8.0 keV range; column 9: best estimate of spectral power-law photon index ( ); in the cases where there are too few counts to make confident estimate, = 1.4 is used; column 10: observed 2.0-10.0 keV luminosity, units 10 42 erg s −1 ; column 11: X-ray source type. In Fig. 2 , we present four examples of typical spectra from the massive galaxy sample, each of which is best fitted by one of the models used in the spectral analysis. The errors on the unfolded spectrum increase dramatically at E > 6 keV in all the spectra as a result of the reduced effective area of the ACIS-I instrument at these energies (Weisskopf et al. 2002) . The unobscured AGN spectrum (cdfs4Ms_532) has a low number of spectral counts (98), large errors on the unfolded spectrum and no clear emission features such as soft absorption or iron Kα line emission. The obscured AGN spectrum with spherically distributed obscuring matter (cdfs4Ms_175) has heavily suppressed soft X-ray emission (E < 1.0 keV) and iron Kα line emission at rest-frame 6.4 keV although the relatively low column density means this feature is not very pronounced. In the obscured AGN with a toroidal distribution of obscuring matter (cdfs4Ms_050), suppression of the softer energy X-rays by the torus component is partially mitigated by the scattered emission component. There is a prominent iron Kα line emission with a selfconsistent Compton hump at rest-frame ∼6.4 keV. The reflectiondominated spectrum (cdfs4Ms_334) exhibits suppression of soft X-ray emission with iron Kα line emission and a self-consistent Compton hump. The illuminating component contribution is negligible (and beyond the range of this plot) because the obscuration is so severe.
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A breakdown of the obscured and Compton thick AGN fractions according to subsample is presented in Table 6 . Note that for all sources best fitted by model D, a comparison of the contributions by the reflected emission component and illuminating component reveals that all these sources are extremely reflection dominated, which is consistent with emission from Compton thick AGN. The obscuration is too severe for us to be able to attribute an accurate estimate of the obscuring column density using the X-ray emission alone, but we can assume a lower limit of N H > 10 24 cm −2 for all these sources.
We bin massive galaxies according to their best fitting spectral model in Fig. 3 and their column densities in Fig. 4 . We find that the compact galaxies contain a significantly higher fraction of obscured AGN (80 per cent; i.e. best fitted by model B, C or D) than the extended galaxies (45 per cent), a result that is significant at the >3σ level (see Table 6 ). Considering the most obscured objects, we find that ∼30 per cent of the AGN in compact galaxies are Compton thick, compared with just 13 per cent of the AGN hosted by extended galaxies. The compact QGs are the most heavily obscured of any of the subsamples with 70.0 per cent possessing N H > 10 23.5 cm −2 (see Tables 4 and 5 ).
Having determined the obscuration properties of the AGN, we are then in a position to make a reasonably accurate measurement of their intrinsic (absorption-corrected) luminosities in the 2-10 keV band. These cover a wide range from 4 × 10 41 erg s −1 (cdfs4Ms_453; an extended SFG) to 3 × 10 44 erg s −1 (cdfs4Ms_171; a compact SFG). The compact galaxies are found to be much more luminous than the extended galaxies, particularly once their emission has been corrected for obscuration (see Fig. 5 ). The compact galaxies possess a median luminosity of 5.7 ± 3.8 × 10 43 erg s −1 while the median luminosity of extended galaxies is 10 times lower, at 5.8 ± 4.5 × 10 42 erg s −1
(errors are the median absolute deviation).
D I S C U S S I O N
Summary of results for X-ray detected sources
We have investigated the AGN content and properties of H-band selected massive (M * > 10 10.5 M ) galaxies at z ∼ 2 in the CDFS. The massive galaxy sample originally presented in Barro et al. (2013) Table 5. X-ray spectral fitting results for LR matched compact galaxies with 1.4 < z < 3.0 and M > 10 10.5 M . Analysis for the R-values (reflected component/illuminated component) for sources best fitted by model D shows them all to be extremely reflection dominated; thus, they are all classified as Compton thick AGN with N H > 10 24 cm −2 . Column 1: optical source ID from the CANDELS GOODS-S epoch-10; column 2: compact galaxy classification; columns 3 and 4: right ascension and declination of the optical source; column 5: ID of X-ray counterpart source identified using LR matching; column 6: redshift of X-ray source, spectroscopic redshifts are denoted with †; column 7: hardness ratio (HR) of the X-ray source, HR = (H−S)/(H+S), where H and S are the hard-band (2.0-7.0 keV) and soft-band (0.5-2.0 keV) count rates, respectively; column 8: spectral counts over the 0.5-8.0 keV range; column 9: best-fitting model for X-ray emission, for definitions see Section 3.3; column 10: column density of obscuring material with 1σ error bars, units 10 22 cm −2 ; column 11: observed 2.0-10.0 keV luminosity with 1σ error bars, units 10 42 erg s −1 ; column 12: absorption-corrected 2.0-10.0 keV luminosity, corrected for X-ray absorption, with 1σ error bars, units 10 42 erg s −1 . was derived from a catalogue of H-band selected galaxies with 1.4 ≤ z ≤ 3.0 and M > 10 10.0 M created from observations taken as part of the CANDELS GOODS-S region survey. The galaxies were subdivided according to their sSFR and compactness: compact QGs and SFGs, and extended QGs and SFGs. We apply a higher mass constraint of M * > 10 10.5 M to ensure that the compact and extended subsamples share similar stellar mass distributions when comparing their AGN properties. LR matching of X-ray sources to the massive galaxies reveals a high detected fraction (22.0 ± 2.5 per cent; see Table 1 ). Previous studies have shown elevated AGN activity in galaxies with high stellar masses (e.g. Brusa et al. 2009; Pimbblet & Jensen 2012) and z ∼ 2 (e.g. Boyle & Terlevich 1998; Silverman et al. 2008; Aird et al. 2010) . Therefore, by applying our mass and redshift selection criteria (M > 10 10.5 M and 1.4 < z < 3), we are probing a parameter space with high AGN activity, and a large X-ray detected fraction is to be expected. When split into subsamples though we observe that the incidence of X-ray detection is not evenly distributed. The highest X-ray detected fraction is seen in extended QGs (>45 per cent) and is consistent with the observations of Olsen et al. (2013) for QGs at similar redshifts. The extended SFGs have a much lower X-ray detected fraction. Thus, it would appear that, in extended galaxies, the processes that fuel star formation do not promote AGN accretion. The converse is, however, true of the compact galaxies. Star-forming compact galaxies are detected at more than twice the rate of compact QGs. This reversal of the relationship between star formation and AGN activity when splitting the galaxies by compactness indicates that the extended and compact galaxies have different triggering and/or fuelling mechanisms: in other words, this effect represents evidence for two different accretion modes in massive galaxies at high redshift.
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X-ray spectral analysis of the massive galaxies reveals more detail about the obscuration phenomenon. We find a much larger fraction of obscured AGN amongst the compact QGs and SFGs compared to the extended QGs and SFGs (>3σ significance; see Table 7 and Fig. 4) . There is also a higher incidence of Compton thick AGN amongst the compact galaxies. Plotting the column density versus galaxy compactness (see Fig. 6 ), we observe a higher fraction of obscured AGN amongst more compact galaxies, but the column density of obscured AGN does not appear to be correlated to compactness. Compact galaxies also have much higher absorptioncorrected luminosities than the extended galaxies (see Fig. 5 ), by a factor of at least 10 on average. There is also a positive correlation between host galaxy compactness and the absorption-corrected X-ray luminosity (see Fig. 7 ). The correlations between galaxy properties and AGN obscuration and X-ray luminosity found here represent clear evidence of a relationship between obscured AGN activity and host galaxy type.
Relatively few robust correlations between AGN and galaxy properties have been found in well-selected samples, especially when controlled for stellar mass (e.g. Xue et al. 2010; Bongiorno et al. 2012; Kocevski et al. 2012; Rosario et al. 2013a ). The effects are relatively subtle, small, and are only revealed through analysis of large samples (e.g. Juneau et al. 2013; Rosario et al. 2013b; Trump et al. 2013) . Here, we have found clear relationships between a galaxy property (compactness, or alternatively surface mass density) and two AGN properties: luminosity and obscuration (see Figs 6 and 7) . The AGN in compact galaxies are very X-ray luminous; they are over an order of magnitude more luminous than in extended galaxies, and are around twice as likely to be obscured or Compton thick. These results imply clearly that there must be an evolutionary and/or causal connection between the black hole and its host galaxy. This is particularly interesting when considering the fact that the compact galaxy population is generally Table 6 . X-ray spectral fitting results for LR matched extended galaxies with 1.4 < z < 3.0 and M > 10 10.5 M . As with the compact galaxies, R-values (reflected component/illuminated component) for sources best fitted by model D show them all to be extremely reflection dominated; thus, they are all classified as Compton thick AGN with N H > 10 24 cm −2 . Column 1: optical source ID from the CANDELS GOODS-S epoch-10; column 2: extended galaxy classification; columns 3 and 4: right ascension and declination of the optical source; column 5: ID of X-ray counterpart source identified using LR matching; column 6: redshift of X-ray source, spectroscopic redshifts are denoted with †; column 7: hardness ratio (HR) of the X-ray source, HR = (H−S)/(H+S), where H and S are the hard-band (2.0-7.0 keV) and soft-band (0.5-2.0 keV) count rates, respectively; column 8: spectral counts over the 0.5-8.0 keV range; column 9: best-fitting model for X-ray emission, for definitions see Section 3.3; column 10: column density of obscuring material with 1σ error bars, units 10 22 cm −2 ; column 11: observed 2.0-10.0 keV luminosity with 1σ error bars, units 10 42 erg s −1 ; column 12: absorption-corrected 2.0-10.0 keV luminosity, corrected for X-ray absorption, with 1σ error bars, units 10 42 erg s −1 . +0.14 −0.12
1.94
+0.14 −0.12 considered to be the progenitor of the extended galaxies. The connection with AGN obscuration may have especially important implications, considering that the obscuration is likely to be at galactic scale. Otherwise, it is difficult to see why this obscuration would be related to a large-scale galaxy property (i.e. compactness).
Two modes of black hole accretion in massive galaxies
Splitting our sample according to compactness, we find evidence for two distinct modes of accretion within massive galaxies at z ∼ 2. X-ray detected compact galaxies contain high-luminosity, heavily obscured AGN with median L X ∼ 6 × 10 43 erg s −1 and median N H = 3 × 10 23 cm −2 . The X-ray detected extended galaxies on the other hand contain low-luminosity, low-column-density AGN with median L X = 6 × 10 42 erg s −1 , with the median object being unobscured. All galaxies with L X > 10 44 erg s −1 are classified as compact, ∼28 per cent of all X-ray detected compact galaxies. Typically, small-area surveys such as the CDFS are not well suited to finding high-luminosity AGN; thus, such a strong concentration among the compact galaxies is striking. We have been fortuitous in a sense that the luminosity at which AGN in this sample transition between the two modes of accretion (a few times 10 43 erg s −1 ) is lower than what has been predicted by previous studies (e.g. Hopkins et al. 2006 ) and thus within a range of luminosities covered by this sample. The majority of the obscured AGN within both compact and extended galaxies are best fitted by a spherical obscuration model (model B) as opposed to toroidal obscuration model (model C). Along with the connection to host properties, Figure 3 . Bar chart of best-fitting X-ray models for our sample. The letter for each column corresponds to the lettering used in Section 3.3 when describing the X-ray emission models used in the spectral fitting. The unobscured bin consists of galaxies whose X-ray spectra are best fitted by model A. The Compton thin bin contains obscured AGN with N H < 10 24 cm −2 while the Compton thick bin contains galaxies with N H ≥ 10 24 cm −2 . Obscuration is far more prevalent in the compact galaxies, particularly true when considering the Compton thick sources.
this supports the idea that the AGN obscuration occurs on the scale of the galaxy, rather than close to the AGN in a standard toroidal geometry.
The differing AGN properties of compact and extended galaxies could be linked to the gas density in the host galaxy. Compact galaxies are selected based on their high mass-to-size ratios (see Section 3.2), and it is plausible therefore that the nuclear regions of compact galaxies contain substantial amounts of gas. The effects of such a high concentration of gas surrounding the AGN could result in rapid fuelling, driving up the accretion rate and hence the X-ray luminosity, and in turn resulting in higher obscuration. Extended Table 7 . Obscured and Compton thick fractions for compact and extended massive galaxy subsamples. Column 1: type of galaxy; column 2: number of X-ray sources LR matched to optical counterparts; column 3: number of galaxies with signatures of obscured emission; column 4: percentage of galaxies with obscured emission (i.e. best fitted by model B, C or D), with 1σ binomial error from Gehrels (1986) ; column 5: number of galaxies exhibiting Compton thick emission; column 6: percentage of galaxies exhibiting Compton thick emission. galaxies are by definition less dense than compact galaxies; therefore, the central regions of the host galaxy could be more diffuse. This provides a simple explanation for the observed difference in X-ray properties.
On the other hand, the observation of two accretion modes -one luminous and heavily obscured and the other weak and unobscured -can be linked immediately to theoretical ideas about the role of AGN feedback in the evolution of galaxies. The luminous obscured phase may be associated with the 'quasar mode' of e.g. Hopkins et al. (2006) . This is a transformative mode of feedback, which shuts off star formation turning SFGs into quiescent ones. Our observations are fully consistent with such an idea. We see powerful obscured AGN in both star-forming compact galaxies and quiescent ones, showing that the AGN continues after quenching has occurred. On the other hand, the incidence of AGN in QGs is less consistent with the AGN shutting themselves down at some point during the feedback process. The shorter duty cycle of compact QGs suggests that they are a transitional population where an AGN in transformative mode has just quenched star formation within the host galaxy (see Fig. 8 ). If this were not the case, then star formation should be observable given that these galaxies are gas rich, something we can infer clearly from the galaxy-scale X-ray absorption. Hopkins et al. (2006) also postulate that the quasar mode is triggered by a major merger, but there is no evidence to substantiate such a claim from the spectral fitting analysis of our transformative mode AGN. This is consistent with the AGN host galaxy morphology study at z ∼ 2 of Kocevski et al. (2012) which finds that ∼80 per cent of accretion is triggered through secular processes as opposed to major mergers. Schawinski et al. (2012) find a similar result for heavily obscured quasars at z ∼ 2.
The less luminous and unobscured AGN seen in massive extended galaxies can be identified with the 'radio mode' predicted by e.g. Croton et al. (2006) and Bower et al. (2006) . This is a 'maintenance mode', preventing further star formation in galaxies which have already quenched, and grown most of their black holes presumably via the transformative mode discussed above. If these massive galaxies reside in hot gas haloes (e.g. in groups or clusters), gas should gradually cool and fall on to them, condensing to form stars (Kereš et al. 2005) . If a small percentage of that gas trickles down and is accreted on to the black hole, the resulting low-luminosity AGN can reheat the gas preventing further gas infall, star formation and, ultimately, accretion. The extended galaxies in the maintenance mode could thereby oscillate back and forth across the star-forming and quiescent border (see Fig. 8 ). The extended QGs seem to have a longer duty cycle (X-ray detected fraction of >45 per cent) compared to their star-forming equivalents (15 per cent), and hence the suppression of star formation within these galaxies continues for an extended period.
As intimated above, the dominant fraction of black hole growth in massive galaxies appears to occur while the AGN are in the transformative mode and in the compact phase, rather than in the maintenance mode. While the two populations show similar X-ray detected fractions overall (∼20 per cent), black holes in compact galaxies are growing more than 10 times faster than their extended counterparts. More of this growth is concentrated in the star-forming compact galaxies than the quiescent ones. This is consistent with recent results examining the SFRs in X-ray selected AGN derived from Herschel, which show that they are more likely to occur in SFGs overall (Rosario et al. 2013b ). Our results extend this, showing that this effect is only present only for compact galaxies, whereas the opposite is true for extended ones at z ∼ 2.
The impact of AGN feedback on massive galaxies at z ∼ 2
The clear identification of two modes of black hole growth in massive galaxies at z ∼ 2, and their consistency with the two major AGN feedback models, comes with the strong implication that the AGN are not only related to, but are influencing, the galaxy properties and evolution. This is especially the case because the AGN properties are related to the galaxy compactness, which is known to evolve substantially from high redshifts to the present day. Compact massive galaxies are not common in the local universe, and therefore the compact galaxies seen at high redshift are thought to be progenitors of their extended counterparts. Studying the variation of massive galaxy number densities over time, it appears that compact massive galaxies start evolving into extended massive galaxies at z ∼ 2 (Barro et al. 2013) , with minor mergers often being evoked as the mechanism (e.g. van Dokkum 2005; Bell et al. 2006; Trujillo et al. 2007 ). Our results imply that, while undergoing this size evolution, they must also be subject to processes which reduce both the accretion luminosity and the obscuration of the AGN.
Some of the size evolution may therefore be related to AGN feedback, especially at earlier times when the merger rate appears to be insufficient (Conselice 2006; Newman et al. 2012) . The AGN feedback model proposed by Fan et al. (2008) predicts that following the expulsion of matter from the central regions of the galaxy, the size will increase in order restore virial equilibrium within the system. With AGN feedback having swept out, gas from the central regions of the remnant AGN is expected to become less obscured and less luminous, precisely as seen in our data. Additionally, the resultant galaxy should be quiescent, as the transformative mode first and foremost quenches star formation. Therefore, compact galaxies with AGN in the transformative mode could directly form extended QGs following this form of AGN feedback (see Fig. 8 ). Alternatively, size evolution in compact galaxies may be driven by a form of positive feedback similar to that proposed by Ishibashi et al. (2013) . In this case, the AGN drives a shell of gas and dust from the central regions of the galaxy outwards which compresses pockets of gas within the host galaxy as it propagates outwards and triggers star formation. The stars that are formed will carry latent momentum from the passing shell of gas and dust and thus migrate towards the outer reaches of the host galaxy. This causes a buildup of new stars in the outskirts of the host galaxy, increasing its size. This size increase would be quite moderate; thus, several episodes of Ishibashi et al. (2013) feedback would be necessary to turn a compact galaxy into an extended galaxy and the resultant extended galaxy would also be star forming.
Our results strongly imply that the AGN must quench star formation before causing size evolution, as otherwise we would see luminous obscured AGN in extended SFGs, rather than compact quiescent ones. If we are to assume that the Ishibashi et al. (2013) feedback mechanism is occurring in transformative mode AGN, then we would expect a much higher fraction of AGN activity among the extended SFG population. We observe the highest fraction of AGN activity among the extended QGs, while the extended SFGs possess the lowest X-ray detected fraction, and therefore we conclude the Fan et al. (2008) feedback model to be the likeliest candidate for AGN driving size evolution in this massive galaxy sample. We speculate that there are two paths a compact galaxy could follow to form an extended QG (see Fig. 8 ). The simplest is that the transformative mode AGN rapidly quenches star formation and increases galaxy size to directly form an extended QG. Alternatively, the galaxy may enter a transitional compact QG phase and increase in size more slowly before forming an extended QG.
S U M M A RY
We have investigated the X-ray properties of massive (M > 10 10.5 M ) compact and extended galaxies at z ∼ 2 using 4 Ms CDFS observations and found evidence for two modes of black hole accretion within these massive galaxies. Direct X-ray detections were established using an LR matching technique and then subjected to spectral fitting analysis to obtain detailed information regarding their obscuration and X-ray luminosities. The main results are listed below:
(i) We find that 22.0 ± 2.5 per cent (59/268) of the massive galaxies are direct X-ray detections. The luminosity limit of the observations for galaxies at these redshifts is such that almost all of the X-ray detections are due to AGN activity. When the sample is subdivided according to galaxy compactness and sSFR, the extended QGs have the highest detection rate (47.6 ± 10.9 per cent) of any of the subsamples. The high X-ray detection rate of extended QGs implies that they have a long duty cycle and that AGN play a role in their evolution. The AGN in compact SFGs also appear to have a long duty cycle with significant amounts of cold gas available to fuel AGN, possibly the same cold gas as is fuelling the star formation. Conversely, the extended SFGs have a much lower X-ray detected fraction (14.3 ± 3.0 per cent) and thus although there is cold gas readily available for star formation the AGN are being starved of fuel. The compact QGs also have a low X-ray detection rate (19.2 ± 5.5 per cent) which indicates that they have a short duty cycle.
(ii) Through X-ray spectral analysis of X-ray detected massive galaxies, we find evidence of two distinct modes of AGN accretion: a 'transformative mode' in which AGN are heavily obscured and luminous, and a 'maintenance mode' in which the AGN are unobscured and less luminous. It appears that the dominant fraction of black hole growth appears to occur in AGN in the transformative mode as opposed to the maintenance mode.
(iii) The two AGN accretion modes are directly related to the compactness of the host galaxy, with dense compact galaxies hosting AGN in the transformative mode and more diffuse extended galaxies hosting AGN in the maintenance mode. The high-density environment provided by compact galaxies means more gas is readily available to fuel AGN accretion within these galaxies. Conversely, the central regions of extended galaxies would appear to be more diffuse; thus, gas accretion occurs at a lower rate. The majority of obscured AGN are best fitted by a spherical obscuration model (model B) which implies the AGN being primarily obscured by the host galaxy as opposed to a local dust torus (see Fig. 3 ). This is consistent with the idea that the observed column density of an AGN is dependent upon the density of the host galaxy.
(iv) The transformative mode is similar to the 'quasar mode' postulated by Hopkins et al. (2006) , where a highly luminous, heavily obscured AGN quenches star formation within the host galaxy through AGN feedback. The short duty cycle of X-ray detected compact QGs suggests that they are a transitional population where the transformative mode AGN has just quenched star formation within the host galaxy. There is no evidence, however, supporting major mergers acting as trigger for transformative mode accretion.
(v) The maintenance mode is similar to 'radio mode' feedback predicted by Croton et al. (2006) and Bower et al. (2006) , where lower luminosity, unobscured AGN suppress star formation within their host galaxies by heating infalling gas. Extended galaxies containing AGN in the maintenance mode are thought to oscillate across the quiescent star-forming boundary as infalling gas triggers star formation and AGN accretion, the latter of which subsequently produces feedback which heats the gas and suppresses further star formation. The long duty cycle of extended QGs relative to the SFGs suggests that the suppression of star formation continues for extended periods.
(vi) The transformative mode could play a role in the size evolution of compact galaxies at z ∼ 2, when the galaxy merger rate is insufficient (Conselice 2006; Newman et al. 2012) . We have considered two possible methods from the literature through which an AGN in the transformative mode may produce feedback which drives the size evolution of the host galaxy. The first is the feedback model of Fan et al. (2008) in which the AGN drives gas from the central regions of the galaxy, rapidly quenching star formation. The expulsion of gas from the central regions forces the host galaxy to undergo size increase in order to restore virial equilibrium, creating an extended QG. The second is a feedback model proposed by Ishibashi et al. (2013) in which the AGN produces a positive feedback, promoting star formation in the outskirts of the host galaxy. The size of the galaxy increases as a result and after several such episodes an extended SFG would be formed. The remnant AGN of either feedback process are expected to possess a lower luminosity and obscuration than its predecessor. This transformation is consistent with the change in X-ray luminosity and obscuration properties of AGN in compact galaxies compared to those in extended galaxies. Assuming that AGN do play a role in the size evolution of massive galaxies, the low fraction of AGN among extended SFGs greatly disfavours the Ishibashi et al. (2013) feedback mechanism. Therefore, we conclude that the Fan et al. (2008) feedback mechanism is most likely to be driving size evolution.
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